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DESCRIPTION 

PREPARATION OF A HALOSILYLATED CHAIN HYDROCARBON 

5 

Technical Field 

[0001] 

The present invention relates to a method for the preparation of a chain 
10 hydrocarbon halosUylated at its terminal carbon atom or terminal carbon atoms 
and a method of conducting a hydrosilylation reaction between a diene-ts^e 
compoimd that has vinyl groups on both terminals and a hydrogenhalsilane. 

Background Art 

15 [0002] 

A hydrosilylation reaction that combines a compound with a vinyl group and a 
compound with a silicon-bonded hydrogen atom by reacting them in the 
presence of a platinum catalyst is a reaction that is commonly used in the 
sjoithesis of organosilanes and organopolysiloxanes, as well as in the 
20 modification and silylation of organic compounds and organic polymers. It is 
known to produce halosilylated hydrocarbon compoimds by causing a 
hydrosilylation reaction between a hydrocarbon compound having an aliphatic 
unsaturated bond and a hydrogenhalosilane. 
[0003] 

25 It is known, that for the purposes of acceleration and control, such a reaction 
can be conducted in the presence of oxygen, unsaturated ketone, unsatiirated 
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alcohol, tertiary alcohol, ene-yne compound, acetylene alcohol, or acetylene 
ether (see, e.g. Japanese Unexamined Patent Application Publication 
[hereinafter referred to as Kokai] H5-213972, Kokai H6-234777, Kokai H8- 
208838, Kokai H8-231563, Kokai H8-291181, Kokai H9-25281, Kokai HIO- 
5 29996). 
[0004] 

However, the inventor has found that even though a hydrosilylation reaction is 
conducted between a diene-ts^e compound having vinyl groups on both 
molecular terminals and a hydrogenhalosilane in the presence of the 

10 aforementioned compounds, it is difficult to produce chain hydrocarbons with 
halosilylated terminal carbon atoms quickly and with improved jdeld. This is 
because the process is accompanied by the inevitable formation of by-products 
in the form of halosilyl group position-changed isomers due to double bond 
transfer, i.e. by the formation of chain hydrocarbons halosilylated at carbon 

IS atoms other than its terminal carbon atoms. 
[0005] 

Kokai H9- 157276 and Kokai H9- 192494 disclose a method wherein 3- 
chroloropropyltrichlorosilane is produced by subjecting allyl chloride and 
trichlorosilane to hydrosilylation in the presence of phosphine or tertiary amine. 
20 Kokai HI 1*80167 discloses a method wherein a terminal-sUylated polymer is 
produced by subjecting a polymer with terminal allyl groups and a 
hydrogenchlorosilane, hydrogenalkoxysilgme, or the like, to hydrosilylation in 
the presence of sulfur. 
[0006] 

25 A disadvantage of the method based on the presence of phosphine or a tertiary 
amine is that it is unsuitable for selectively halosilylating carbon atoms on 
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termingils of a compound that has vinyl groups on both terminals. A 
disadvantage of the method based on the presence of stdfur is that sulfur itself 
may significantly impair activity of a platinum catalyst, so that if it is added in 
an excessive amount, it will also impair the hydrosilylation reaction. On the 
5 other hand, it is not easy to adjust the amount of sulfur to be added to the 
reaction. 
[0007] 

When the chain hydrocarbon halosilylated at its terminal carbon atoms in its 
initied form or in an alkoxysilylated form obtained by reacting it with an alcohol, 

10 is used as a coupUng agent, surface -treating agent, or a starting material for 
modified silicones, it possesses better characteristics than the chain 
hydrocarbon hsdosilylated at carbon atoms other than its terminal carbon 
atoms. Therefore, a demand still exists for a method that wovdd allow 
production of chain hydrocarbons halosilylated at its terminal carbon atom or 

15 its terminal carbon atoms, i.e., a chain hydrocarbon having a halosUyl group at 
its terminal carbon atom or halosilyl groups at its terminal carbon atoms with 
higher yield and speed. 

Summary of the Invention 

20 [0008] 

The inventor has arrived at the present invention as a result of a profound 
study aimed at finding a speedy and high-yield method for the preparation of a 
chain hydrocarbon halosilylated at a terminal carbon atom or terminal carbon 
atoms, as well as at finding a hydrosilylation reaction capable of limiting 
25 formation of chain hydrocarbons hydrosUylated at carbon atoms other than 

terminal carbon atoms and formation of by-products in the form of inner double 
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bond transfer isomers. More specifically, it is an object of the present 
invention to provide a method of high-yield and speedy production of a chain 
hydrocarbon halosilylated at its terminal carbon atom or terminal carbon atoms 
that results fi-om hydrosilylation of a diene-type compound having vinyl groups 

5 on both molecular terminals and a hydrogenhalosilane . It is another object to 
provide a hydrosilylation reaction capable of limiting formation of halosilyl- 
group positional isomers, i.e., chain hydrocarbons halosilylated at carbon atoms 
other than terminal carbon atoms and by-products in the form of inner double- 
bond transfer isomers. 

10 [0009] 

The present invention relates to the following; 

[l] A method for the preparation of a halosilylated chain hydrocarbon 
represented by the following formula- 

CH2 = C(Ri) - (R2)a - CH(Ri) - CH2 - SiR3bX(a-b) (3), 
15 or by the following formula' 

R3bX(8-b) Si - CH2 - CH(Ri) - (R2)a - CH(Ri) - CH2 - SiR^bXo-b) (4), 
(wherein Ri a hydrogen atom or a monovalent hydrocarbon group, R^ is a 
divalent hydrocarbon group, R^ is a monovalent saturated hydrocarbon group or 
an alkoxy group, "a" is 0 or 1 and *V is an integer from 0 to 2), wherein said 
20 halosilylated chain hydrocarbon is produced by subjecting (A) a diene-type 
compound represented by the following general formula- 

CH2 = C(Ri) - (R2)a - C(Ri) = CH2 (1) 
(wherein R^, R2 , and "a" are the same as defined above) and 
(B) a hydrogenhalosilane represented by the following general formula^ 
25 HSiR^b X(3b) (2) 
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(wherein R3 is a monovalent saturated hydrocarbon group or an alkoxy group, X 
is a halogen atom, and "b" is an integer from 0 to 2) to a hydrosilylation reaction 
in the presence of (C) a hydrosilylation catalyst and (D) an ether compoimd 
having no aliphatic triple bond, 

5 

[2] The method of according to [l], wherein said ether compound (D) is selected 
from the group consisting of an epoxy compound and compounds represented by 
the following general formulae : 

R4-0(R5-0)n-R4 (5), 
10 HO-(R6-0)ni-R4 (6), 

HO- (R5 - 0)ni+i - H (7), 

lIZiEiQ)^IZ3 (8) 

or 

1— (R'^O) 1 (9) 

1 5 (wherein R^ is a monovalent saturated hydrocarbon group or a monovalent 

silylated saturated hydrocarbon group, Rs is a divgdent saturated hydrocarbon 
group or a silylalkylo^alkylene group, R^ is a divalent hydrocarbon group or a 
silylalkyloxyalkylene group, R^ is a divalent hydrocarbon having 2 or more 
carbon atoms! "n" is an integer equal to or greater than 0, and "m" is an integer 
20 equal to or greater than l). 

[3] The method according to [l], wherein R^ is a hydrogen atom or an aliyl group 
and R^ is an alkylene group. 



25 



[4] The method according to [l], wherein R^ is an aliyl group, and X is a halogen 
atom. 
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[5] The method according to [l], wherein R^is an alkyl group, R^is an alkylene 
group, R6 is an ethylene group or an propylene group, and R'^ is any group 
between ethylene and hexylene, inclusively. 

[6] A method of conducting a hydrosilylation reaction, characterized by 
subjecting (A) a diene-type compound of the following general formula* 

CH2 = C(Ri) - (R2)a - C(Ri) = CH2 (1), 
(wherein R^ is a hydrogen atom or a monovalent hydrocarbon group, R2 is a 
divalent hydrocarbon group, "a" is 0 or l), and 

(B) a hydrogenhalosilane represented by the following general formula- 

HSiR3b X(3-b) (2), 
(wherein R^ is a monovalent saturated hydrocarbon group or an alkoxy group, X 
is a halogen atom, and 'V is an integer from 0 to 2) to a hydrosilylation reaction 
in the presence of 

(C) a hydrosilylation catalyst and (D) an ether compound having no aliphatic 
triple bond). 

[7] The method of conducting a hydrosilylation reaction according to [6], 
wherein said compound (D) is selected from the group consisting of an epo^ 
compound and compounds represented by the following general formulae - 



R4-0(R5-0)n-R4 (5), 

HO- (R5 - 0)m - R4 (6), 

HO-(RS-0)m+i-H (7), 

r~ (R^-o);;;?n (s) 

or 
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(wherein is a monovalent saturated hydrocarbon group or a monovalent 
silylated saturated hydrocarbon group, is a divalent saturated hydrocarbon 
group or a silylalkyloxyalkylene group, R^ is a divalent hydrocarbon group or a 
silylsQkyloxyalkylene group, R"^ is a divalent hydrocarbon having 2 or more 
5 carbon atoms! "n" is an integer equal to or greater than 0, and "m" is an integer 
equal to or greater than l). 

[8] The method of conducting a hydrosilylation reaction according to [6], wherein 
Ri is a hydrogen atom or an alkyl group and R2 is an allgrlene group. 

10 

[9] The method of conducting a hydrosilylation reaction accordii^ to [6], wherein 
R3 is an alkyl group, and X is a halogen atom. 



[lO] The method of conducting a hydrosilylation reaction according to [6], 
15 wherein R^ is an alkyl group, R^ is an allqrlene group, Bfi is an ethylene group or 
an propylene group, and R'^ is any group between ethylene and hejQrlene, 
inclusively. 

[0010] 

20 The present invention provides speedy and high-yield production of a chain 

hydrocarbon halosilylated at its terminal carbon atom or terminal carbon atoms 
by using a diene-t3npe compound with vinyl groups on both terminals and a 
hydrogenhalosUane as st£u*ting materials. When a diene-type compound and a 
hydrogenhalosilane are subjected to hydrosilylation reaction by the method of 

25 the present invention, it becomes possible to Hmit formation of halosilyl-group 
positional isomers, i.e., chain hydrocarbons halosilylated at carbon atoms other 
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than its terminal carbon atoms and by-products in the form of inner double- 
bond transfer isomers when a diene-iype compound having vinyl groups which 
are not directly bonded to any arylene group is used. 

Best Mode for Carrying Out the Invention 

[0011] 

(A) a chain hydrocarbon represented by the following formula- 
CH2 = C(Ri) - (B2)a - C(RO =CH2 (l), 
(wherein is a hydrogen atom or a monovalent saturated hydrocarbon group) 
is one of the main starting materials. Such a monovalent hydrocarbon group 
may be represented by an alkyl group or an aryl group. The alkyl group may 
be exemplified by a methyl group, ethyl group, propyl group, hexyl group, and 
octyl group. The aryl group may be represented by a phenyl group. In one 
molecule, may be comprised of a combination of a hydrogen atom with one of 
the aforementioned hydrocarbon groups, or may be comprised of a combination 
of different monovalent hydrocarbon groups. R^ may be present as a divalent 
hydrocarbon group, or may be absent at all. 
[0012] 

It is recommended that the divalent hydrocarbon group be a divalent saturated 
hydrocarbon group. Such a group can be represented by an alkylene group, 
arylene group, or an alkylene-arylene- alkylene group. The divalent 
hydrocarbon group may also be comprised of an alkenylene group. The 
alkylene group can be represented by a methylene group, ethylene group, 
propylene group, butylene group, pentylene group, and a hexylene group. The 
arylene group can be represented by a phenylene group. The alkylene-arylene- 
alkylene group can be exemplified by a methylene-phenylene-methylene group. 
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The alkenylene group may be represented by a vinylene group and a 

methylene-vinylene-methylene group. 

[0013] 

"a" may be 0 or 1. Diene-type compounds to have "a" equgd to 0 is preferable, 
5 and diene-type compounds to have "a" equal to 1 and contain alkylene groups 
as is also preferable. The aUsylene groups have preferably a number of 
carbon atoms in the range of 1 to 14, and more preferably 1 to 6. 
The following are specific examples of the diene-tsTpe compound (A)^ 1,3- 
butadiene, isoprene, 1,4-pentadiene, 1,5-hexadinene, 1,6-heptadiene, 1,7- 
10 octadiene, 1,7-nonadiene, 1,9-decadiene, and 1,17-octadecadiene. 
[0014] 

(B) a hydrogenhalosilane represented by the general formula! 

HSmXo-b) (2) 
is another one of the main starting materials. A chain hydrocarbon 

IS halosilylated at one of its terminal carbon atoms can be obtained by adding its 
sihcone-bonded hydrogen atom and -SiR^bXo-b) to a vinyl group on one terminal 
of the diene-type compound (A) . Alternatively, a chain hydrocarbon 
halosilylated at its both terminal carbon atoms can be obtained by adding its 
siLicone-bonded hydrogen atom and -SiR^bXcs b) to vinyl groups on both 

20 molecular terminals of the diene-tjrpe compound (A). 

In formula (2), may be comprised of a monovalent satvirated hydrocarbon 
group or an alkoxy group. The monovalent saturated hydrocarbon group may 
be represented by an alkyl group, cycloallQrl group, and an aryl group. The 
aforementioned alkyl group may be exemplified by a methyl group, ethyl group, 

25 propyl group, t-butyl group, and hexyl group. The monovalent saturated 

hydrocarbon group may be optionally substituted. A halogenated saturated 
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hydrocarbon group may be exemplified by a fluorinated alkyl group, such as a 

3,3,3-trifluoropropyl group. 

[0016] 

An example of an aryl group is a phenyl group. The alkoxy group can be 
5 represented by a methoxy group, ethoxy group, and propoxy group. A 

monovalent saturated hydrocarbon group and an alkoxy group can be bonded to 
the same sihcon atom of hydrogenhalosilane (B), and different monovalent 
saturated hydrocarbon groups can be bonded to the same silicon atomof 
hydrogenhalosilane (B). 
10 [0017] 

X designates a halogen atom, e.g., chlorine. In the above formula (2), "b" is an 
integer from 0 to 2, inclusively. The following are specific examples of 
hydrogenhalosilane (B)^ hydrogentrichlorosilane, ydrogenmethyldichlorosislane, 
hydrogendimethylchlorosilane, hydrogenethyldichlorosilane, 
15 hydrogenphenyldichlorosHane, hydrogenmethoxydichlorosHane, and 
hydrogenme thylme thojQTchlorosilane . 
[0018] 

An amount of hydrogenhalosilane (B) required for addition to a vinyl group on 
one terminal of diene-type compound (A) may be within the range of 0.1 to 1.2 

20 moles, preferably 0.5 to 1.0 mole, per 1 mole of diene-type compound (A). If 
hydrogenhalosilane (B) is used in an amount below the recommended lower 
limit, the process will be inefficient, as diene-ts^pe compound (A) will become 
excessive. If, on the other hand, hydrogenhalosilane (B) is used in an amount 
exceeding the recommended upper limit, the process will have low jdeld since 

25 the adduct to the vinyl groups on both molecular terminals wiU be produced in 
excess of the demand. 
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[0019] 

An amount of hydrogenhalosilane (B) reqiiired for addition to vinyl groups on 
both terminals of diene-tjrpe compound (A) may be within the range of 0.5 to 2.2 
moles, preferably 1.2 to 2.0 mole per 1 mole of diene-tjTpe compound (A). If in 
5 the last-mentioned case hydrogenhalosilane (B) is used in an amount below the 
recommended lower limit, the process will be inefficient, and, if, on the other 
hand, hydrogenhalosilane (B) is used in an amount exceeding the recommended 
upper limit, the efficiency of the process and yield of the product will decrease 
because of the excessive amount of hydrogenhalosilane (B). 
10 [0020] 

Hydrosilylation catalyst (C) is a catalyst required of addition of 
hydrogenhalosilane (B) to diene-tj^e compound (A). The following are specific 
examples of hydrosilylation catalyst (C): 0-valency platinum- diolefin complex, 
0-valency platinum- ace tylacetate complex, a complex of 0-valency platinum and 
15 1,3-divinyltetramethyldisiloxane, a halide of a divalent platinum-olefin complex, 
chloroplatinic acid, a fine-powdered platinum on a carbon carrier, a fine- 
powdered platinum on a silica carrier, etc. It is understood that such catalysts 
can be used in combination of two or more. 
[0021] 

20 There are no special restrictions with regard to the amount in which 
hydrosilylation catalyst (C) can be added, if it is enough to promote the 
hydrosilylation reaction. It is recommended, however, to add it in an amount 
of 0.000001 to 1 mole%, preferably 0.0004 to 0.01 mole % based on diene-type 
compound (A). This is because, if the added amount is below the recommended 

25 lower Umit, the hydrosilylation reaction will be delayed and have low efficient. 
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If the added amount exceeds the upper limit, the process will become 

economically unjustifiable. 

[0022] 

An ether compound (D), which has no ahphatic triple bond, is used for 
promoting addition of "SiR^bXo-b) preferentially to its terminal carbon atom or 
terminal carbon atoms of its molecular terminal vinyl group of diene-type 
compound (A). Ether compound (D), which has no aliphatic triple bond, may 
be represented by an appropriate ether compound that has no aliphatic 
unsaturated bond. Typically, such compounds can be selected from the group 
consisting of epoxy compounds and those exemplified by formulae (5) to (9) 
given below- 

R4-0(R5-.0)n-R4 (5), 
HO - (R5 _ o)m - R4 (6), 
HO- (Rs - 0)„+i - H (7), 

1~ (R'-o);;;:;t~ I (8) 

or 

1— (R'^O^ 1 (9) 

(wherein R^ is a monovalent saturated hydrocarbon group or a monovalent 
sUylated saturated hydrocarbon group, R^ is a divalent saturated hydrocarbon 
group or a silylalkyloigralkylene group, R^ is a divalent hydrocarbon group or a 
sUylalkyloxyalkylene group, R'' is a divalent hydrocarbon having 2 or more 
carbon atoms; "n" is an integer equal to 0 or greater, and "m" is an integer equal 
to or greater than 1). 
[0023] 

Among possible groups of R^ a monovalent saturated hydrocarbon may be 
exemplified by an alkyl group, aryl group, and aralkyl group, but the allqrl group 
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is preferable. An alkyl group of may be represented by an ethyl group, 
propyl group, butyl group, and cyclohexyl group. An aryl group of R'* may be 
represented by a phenyl group and tolyl group. An ar alkyl group of R'* may be 
represented by a benzyl group and phenethyl group. A monovalent silylated 
5 saturated hydrocarbon group may be represented preferably by a silylalkyl 
group, as well as by a trimethoxysilylether group, triethoxysilylether group, 
trimethoxysilylpropyl group, triethoxysilylpropyl group, 
methyldimethoxysilylethyl group, methyldiethoxysilylethyl group, 
trimethylsilylethyl group, or a similar alkoxysilylalkyl group, 
10 alkylalkoxysilylalkyl group, and aliylsilylalkyl group. In one molecule, R^ may 
be comprised of different monovalent saturated hydrocarbon groups or of a 
monovalent saturated hydrocarbon group and a silylalkyl group. 
[0024] 

Rs is a divalent saturated hydrocarbon group or a silylaUq^loxyallQrlene group. 

15 The divalent saturated hydrocarbon group may be represented by an alkylene 
group and arylene group, of which the alkylene group is preferable. As an 
allQrlene group, R^ may be represented by an ethylene group, propylene group, 
butylene group, and pentylene group. As an arylene group, R^ may be 
represented by a phenylene group. As a silylalkyloxyalkylene group, R^ may be 

20 represented by a trimetho^q^silylalkyloxyethylene group. In one molecule, R^ 
may be comprised of different divalent hydrocarbon groups. 
[0025] 

R6 is a divalent hydrocarbon group or a silylalkyloxyalkylene group. The 
divalent hydrocarbon group may be represented by an alkylene group and 
25 arylene group, of which the allgrlene group is preferable. As an alkylene group, 
R6 may be represented by a methylene group, ethylene group, butylene group. 



wo 2005/033116 PCT/JP2004/014908 

14 



and pentylene group. As an arylene group, may be represented by a 
phenylene group and benzylene group. As a silylalkyloxyalkylene group, naay 
be represented by a trimethoxysilylpropyloxyethylene group. 
In one molecule, R® may be comprised of different groups. 
5 [0026] 

R*^ is a divalent hydrocarbon having 2 or more carbon atoms. Such a divalent 
hydrocarbon group may be comprised of an altylene group, arylene group, and 
alkylene-arylene-alkylene group. 

"n" is an integer equal to or greater than 0, and "m" is an integer equal to or 
10 greater than 1. It is preferable to have "n" within the range of 0 to 20, and '^m'' 
within the range of 1 to 20. 
[0027] 

An ether compound (D) may be either hquid at room and reaction temperatures, 
or may be solid and soluble in below- described solvents. Such an ether compound 

1 5 may be represented by a diethylether, dipropylether, dibutylether, 

diphenylether, dibenzylether, bis (trimetho^qrsilylpropyl) ether, ethyleneoxide, 
propyleneoxide, tetrahydrofiiran, tetrsahydropyran, dihydrobenzofuran 
(coumaran), 1,4-dioxane, a,co-bisethoxypolyethyleneglycol, a-ethoxj^olyethylene 
glycol, a,a>-bis (trimethylsUyl) polyethyleneglycol, polyethyleneglycol, a,o)-bis 

20 (methyldimethoxysilylpropyl) polyethyleneglycol, a,Q)-bis 

(methyldimetho3Qrsilylethyl) polyethyleneglycol, polypropyleneglycol, 1,2- 
epoxycyclohaxane, glycidyl alcohol, 3-glycido3QTpropyltrimetho3g^silane, or 
mixtures of two or more of the above compounds. 
[0028] 

25 It is recommended to add ether compound (D) to the composition in an amount of 
0.01 to 1000 mole %, preferably 0.5 to 20 mole % based on diene-type compound 
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(A), If it is used in a smaller amount, the effect of restricting the formation of 
isomeric by-products will be insufficient. If the added amount exceeds the 
upper hmit, this will impair the reaction ef&ciency, 
[0029] 

5 The following description wUl be related to operation conditions of the inventive 
method. A halosilylated chain hydrocarbon represented by the following 
formula- 

CH2 = C(Ri) - (R2)a - CH(Ri) - CH2 - SiR^bXoi b) (3), 
or by the following formula- 
10 R3bX(3-b) Si - CH2- CH(Ri) - (R2)a - CH(Ri) - CH2 - SiR^bXo-b) (4), 

(wherein R^, R2, R3, "a" and "b" are the same as defined above), can be prepared 
by the following methods; 

(1) uniformly mixing aforementioned components (A) through (D) and carrying 
out a reaction in the atmosphere of inert gas at a temperature of -50°C to 200°C, 

1 5 preferably 0**C to 150^C; 

(2) uniformly mixing components (A), (B), and (D) and then loading component 
(C) and conducting a reaction in the atmosphere of an inert gas at -50° C to 
200°C, preferably 0°C to 150°C; 

(3) uniformly mixing components (A), (C), and (D) and then loading component 
20 CB) dropwise or intermittently and conducting a reaction in the atmosphere of an 

inert gas at -50°C to 200^C, preferably 0°C to 150°C; or 

(4) uniformly mixing components (B), (C), and (D) and then loading component 
(Jd dropwise or intermittently and conducting a reaction in the atmosphere of 
an inert gas at -50°C to 200°C, preferably 0°C to 150°C. 

25 [0030] 
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The reaction time cannot be defined unequivocally as it will depend on the 
reaction teinperat\ire> activity of the hydrosilylation catalyst, concentration of 
components, etc., but when the reaction is carried out at room temperatiure, it 
may normally last firom 12 hoxirs to 7 days, preferably 1 to 3 days. If the 

5 reaction is carried out at a temperature of 70 to 150^0, it may last firom 5 hours 
to 1 min., preferably 3 hours to 10 min. When the reaction is carried out in the 
presence of a platinum-type catalyst with continuous heating of the reaction 
mixture, the reaction can be completed within 1 min. to 1 sec. In view of low 
cost of gaseous nitrogen, it s recommended to use it as inert gas for the process. 

10 [0031] 

According to the method of the present invention, the hydrosilylation reaction 
can be carried out in a solvent, provided that the solvent is used in an amount, 
which is not detrimental to the hydrosilylation reaction and which is selected 
firom solvents suitable for efficiently dissolving diene-type compound (A), 
15 halogenhalosilane (B), and ether compound (D). Preferable solvents are 
toluene, xylene, benzene, or other aromatic solvents. 
[0032] 

If necessary, upon completion of the hydrosilylation reaction, the product can be 
heated under vacuum for removing unreacted residue of the starting materials. 
20 Furthermore, distillation of the reaction product will result in the formation of 
the target product, i.e., a purer chain hydrocarbon halosilylated at its terminal 
carbon atom or halosilylated at terminal carbon atoms 

Examples 

25 [0033] 
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The present invention will now be described with reference to practical 
examples. 

Analysis of halosilylated hydrocarbons mentioned in practical and comparative 
examples was performed by gas chromatography with the use of a thermal 
5 conductivity detector and by comparing the results with measurements of the 
same characteristics in standard samples by means of NMR analysis. 
Reaction efficiency of the hydrogenhalosilane was evaluated with the use of gas 
chromatography as a percentage of hydrogenhalosilane participated in the 
reaction versus the loaded amount of hydrogenhalosilane. Polyethylene glycol 
10 #400 is polyethylene having an average molecular weight of 380 to 420 and an 
average degree of polymerization of 8 to 14. 
[0034] 

[Practical Examples 1 to 7] 

A glass reaction vessel fiUed with gaseous nitrogen was loaded with 2.05 g 
15 (0.0250 moles) of 1,5-hexadiene, an ether compound in an amount that provided 
5.6% mole of etherified oxygen relative to the aforementioned 1,5-hexadiene, 
and 0.0050 g of an isopropyl- alcohol solution of chloroplatinic acid 
(concentration of platinum was 3.6 wt.%). The components were unifornody 
mixed, additionally combined with 1.70 g (0.0125 moles) of 
20 hydrogentrichlorosilane, and mixed again. The reaction vessel was sealed 

with a cover against leakage of the gaseous nitrogen, the mixture was retained 
intact for 24 hours at room temperatxires (20±5°C), and the contents in the 
reaction vessel were subjected to a gas-chromatography analysis. The weight 
ratio of the produced 5-hexenyltrichlorosilane, 4-hexenyltrichlorosilane, and 1- 
25 methyl-4-pentenyltrichlorosilane and the reaction efficiency of the 
hydrogentrichlorosilane are shown in Table 1. 
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[0035] 

[Comparative Example l] 

A glass reaction vessel filled with gaseous nitrogen was loaded with 2,05 g 
(0.0250 moles) of 1,5-hexadiene and 0.0050 g of an isopropyl-alcohol solution of 
chloroplatinic acid (concentration of platinum was 3.6 wt.%). The components 
were uniformly mixed, additionally combined with 1.70 g (0.0125 moles) of 
hydrogentrichlorosilane, and mixed again. The reaction vessel was sealed 
with a cover against leakage of the gaseous nitrogen, the mixture was retained 
intact for 24 hours at room temperatures (20±5°C), and the contents in the 
reaction vessel were subjected to a gas-chromatography analysis. The weight 
ratio of the produced 5-hexenyltrichlorosilane, 4-hexenyltrichlorosilane, and 1- 
methyl- 4- pentenyltrichlorosilane and the reaction ef&ciency of the 
hydrogentrichlorosilane are shown in Table 1. 
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[0036] 
Table 1 





Ether compound 


o-hexehyltnchloro- 
silane/4-hexenyl - 
trichlorosilane/l' 
methyl-4-pentenyl- 
tr ichloro ' silane 


Hydrogentrichlorosiiane 
reaction efficiency (%) 


Comp. 


None 


54.2/33.8/12.0 


31.3 


Example 1 








Pr. 


Polyethyleneglycol 


90.1/9.9/0 


>99 


Example 1 


#400 






Pr. 


Tetrahydrofuran 


91.1/8.9/0 


71.3 


Example 2 








Pr. 


Diethyleneglycol- 


88.9/10.9/0.2 


>99 


Example 3 


dimethylether 






Pr. 


Diethyleneglycol- 


89.6/10.1/03 


>99 


Example 4 


dibutylether 






Pr. 


1,4-dioxane 


86.5/10.7/2.8 


82.2 


Example 5 








Pr. 


Di(n-buity]) ether 


83.1/9.9/7.1 


>99 


Example 6 








Pr. 


Diethylether 


84/5/10.3/5.2 


>99 


Example 7 









[0037] 

5 [Practical Example 8] 

A glass reaction vessel filled with gaseous nitrogen was loaded with 6 .0 g of 
toluene suid 0.54 g (0,10 mole) of 1,3-butadiene, and components were dissolved. 
The solution was combined and uniformly mixed with 0.020 g of 
. polyethyleneglycol #400 (used in an amount that provided 4.5 mole % of 
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etherified oxygen relative to the aforementioned 1,3 -butadiene) and 0.020 g of 
an isopropyl-alcohol solution of chloroplatinic acid (concentration of platinum 
was 3.6 wt.%). The components were then additionally combined and 
uniformly mixed with 0,68 g (0.0050 moles) of hydrogentrichlorosilane. The 

5 reaction vessel was sesded with a cover against leakage of the gaseous nitrogen, 
the mixture was retained intact for 72 hours at room temperatures (20±5®C), 
and the contents in the reaction vessel were subjected to a gas-chromatography 
analysis. The weight ratio of the produced 3-butenyltrichlorosilane and 2" 
butenyltrichlorosilane and the reaction efficiency of the hydrogentrichlorosilane 

10 are shown in Table 2. 
[0038] 

[Practical Example 9] 

A glass reaction vessel filled with gaseous nitrogen was loaded with 5.0 g of 
tetrahydrofuran and 0.54 g (O.IO mole) of 1,3-butadiene, and components were 

15 dissolved. The solution was combined and uniformly mixed with 0.020 g of an 
isopropyl-alcohol solution of chloroplatinic acid (concentration of platinum was 
3.6 wt.%). The components were then additionally combined and uniformly 
mixed with 0.68 g (0.0050 moles) of hydrogentrichlorosilane. The reaction 
vessel was sealed with a cover against leakage of the gaseous nitrogen; the 

20 mixture was retained intact for 72 hours at room temperatures (20±5''C), and 
the contents in the reaction vessel were subjected to a gas-chromatography 
analysis. The weight ratio of the produced 3-butenyltrichlorosilane and 2- 
butenyltrichlorosilane and the reaction efficiency of the hydrogentrichlorosilane 
are shown in Table 2. 

25 [0039] 

[Comparative Example 2] 
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A glass reaction vessel filled with gaseous nitrogen was loaded with 5 .0 g of 
toluene and 0.54 g (0.10 mole) of 1,3-butadiene, and components were dissolved. 
The solution was combined and xmiformly mixed with 0.02 g of an isopropyl- 
alcohol solution of chloroplatinic acid (concentration of platinum was 3,6 wt.%). 
The components were then additionally combined and uniformly mixed with 
0.68 g (0.0050 moles) of hydrogentricMorosilane. The reaction vessel was sealed 
with a cover against leakage of the gaseous nitrogen, the mixture was retained 
intact for 72 hours at room temperatures (20±5''C), and the contents in the 
reaction vessel were subjected to a gas-chromatography analysis. The weight 
ratio of the produced 3-butenyltrichlorosilane and 2-butenyltrichlorosilane and 
the reaction efficiency of the hydrogentrichlorosilane are shown in Table 2. 
[0040] 
Table 2 





Ether compound 


3-butenyltrichloro- 

silane/2-butenyl- 

trichlorosilane 


Hydrogentrichloro- 
silane reaction 
efficiency (%) 


Comp. 
Example 2 


None 


Product was not 
obtained 


0 


Pr. Example 
8 


Polyethyle neglycol 

* 

#400 


69.6/30.4 


60.0 


Pr. Examples 


Tetrahydrofuran 


58.6/41.4 


>99 



[0041] 

[Practical Example 10] 

A glass reaction vessel filled with gaseous nitrogen was loaded with 3.45 g 
(0.0250 mole) of 1.9-decadiene, a polyethyleneglycol #400 used in an amount 
that provided 5.6 mole % of etherified oxygen relative to the aforementioned 
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1,9-decadiene, and 0.0050 g of an isopropyl- alcohol solution of chloroplatinic 
acid (concentration of platinum was 3,6 wt.%). The components were then 
additionally combined and uniformly mixed with 1.70 g (0.0125 moles) of 
hydrogentrichlorosilane. The reaction vessel was sealed with a cover against 

5 leakage of the gaseous nitrogen, the mixture was retained intact for 24 hours at 
room temperatures (20±5'^C), and the contents in the reaction vessel were 
subjected to a gas-chromatography analysis. The weight ratio of the produced 
9-decenyltrichlorosilane and 8-decenyltrichlorosilane and the reaction efficiency 
of the hydrogentrichlorosilane are shown in Table 3. 

10 [0042] 

[Comparative Example 3] 

A glass reaction vessel filled with gaseous nitrogen was loaded with 3.45 g 
(0.0250 mole) of 1,9-decadiene and 0.0050 g of an isopropyl-alcohol solution of 
chloroplatinic acid (concentration of platinum was 3.6 wt.%). The components 

15 were then mixed and additionally combined with 1.70 g (0.0125 moles) of 

hydrogentrichlorosilane. The reaction vessel was sealed with a cover against 
leakage of the gaseous nitrogen; the mixture was retained intact for 24 hours at 
room temperatures (20±5°C), and the contents in the reaction vessel were 
subjected to a gas-chromatography analysis. The weight ratio of the produced 

20 9-decenyltrichlorosilane and 8-decenyltrichlorosilane and the reaction efficiency 
of the hydrogentrichlorosilane are shown in Table 3. 



25 
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[0043] 

Table 3 





Ether compound 


9-decenyltrichloro- 

silane/8-decenyl- 

trichlorosilane 


Hydrogetrichloro- 
silane reaction 
efficiency (%) 


Comp. 
Example 3 


None 


88.8/11.2 


>99 


Pr. Example 
10 


Polyethyleneglycol 
#400 


91.0/9.0 


>99 



[0044] 

5 [Practical Example 11] 

A glass reaction vessel filled with gaseous nitrogen was loaded with 2.05 g 
(0.0250 mole) of 1.5-hexadiene, polyethyleneglycol #400 used in an amount that 
provided 5.6 mole % of etherified oxygen relative to the aforementioned 1,5- 
hexadiene, and 0.0050 g of an isopropyl-alcohol solution of chloroplatinic acid 

10 (concentration of platinum was 3.6 wt.%). The components were then 
additionally combined and uniformly mixed with 1.44 g (0.0125 moles) of 
hydrogenmethyldichlorosilane. The reaction vessel was sealed with a cover 
against leakage of the gaseous nitrogen, the mixture was retained intact for 24 
hours at room temperatiures (20±5°C), and the contents in the reaction vessel 

15 were subjected to a gas-chromatography analysis. The weight ratio of the 
produced 5-hexenylmethyldichlorosilane and 4- hexenylmethyldichlorosilane 
and the reaction efficiency of the hydrogenmethyldichlorosilane are shown in 
Table 4. 
[0045] 

20 [Comparative Example 4] 
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A glass reaction vessel filled with gaseous nitrogen was loaded with 2.05 g 
(0.0250 mole) of 1.5-hexadiene and 0.0050 g of an isopropyl-alcohol solution of 
chloroplatinic acid (concentration of platinum was 3.6 wt.%). The components 
were then additionally combined and uniformly mixed with 1.44 g (0.0125 
5 moles) of hydrogenmethyldichlorosilane. The reaction vessel was sealed with 
a cover against leakage of the gaseous nitrogen, the mixture was retained 
intact for 24 hours at room temperatures (20±5°C), and the contents in the 
reaction vessel were subjected to a gas-chromatography analysis. The weight 
ratio of the produced 5-hexenylmethyldichlorosilane, 4- 
10 hexenylmethyldichlorosilane, and l-methyl-4-pentenylmethyldichlorosilane and 
the reaction efficiency of the hydrogenmethyldichlorosilane are shown in Table 



4. 

[0046] 
Table 4 





Ether 

compoun 

d 


5-hexenylmethyldichloro- 
silane/4-hexenylmethyl- 
dichlorosilane/l-methyl''4- 
pentenylmethyldichlorosilane 


Hydrogenmethyldich- 
lorosilane reaction 
efficiency (%) 


Comp. 
Example 4 


None 


81/0/18.0/1.0 


>99 


Pr. 

Example 
11 


Polyethyl 
eneg-lycol 
#400 


91.5/7.8/0.7 


>99 



15 

[0047] 

[Practical Examples 12 to 15] 
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A 200 ml four-neck flask filled with nitrogen and eqmpped with a refLiix 
condenser was loaded with 41.0 g (0.50 mole) of IjS-hexadiene, an ether 
compound used in an amount that provided 5.6 mole % of etherified oxygen 
relative to the aforementioned 1,5-hexadiene, and 0.18 g of an isopropyl- alcohol 
5 solution of chloroplatinic acid (concentration of platinum was 3.6 wt.%). The 
components were uniformly mixed, heated to SO^'C, and additionally combined 
with 135.5 g (1.00 mole) of hydrogentrichlorosilane added dropwise. Upon 
completion of the addition, the mixture was aged for 1 hour at 120°C and then 
cooled. The contents in the flask were subjected to a gas-chromatography 
10 analysis. The weight ratio of the produced 1,6-bis (trichlorosilyl) hexane, 1,5- 
bis (trichlorosilyl) hexane, and 2,5-bis (trichlorosilyl) hexane and the reaction 
efficiency of the hydrogentrichlorosilane are shown in Table 5. 
[0048] 

[Comparative Example 5] 

15 A 200 ml four-neck flask filled with nitrogen and equipped with a reflux 

condenser was loaded with 41.0 g (0.50 mole) of 1,5-hexadiene and 0,18 g of an 
isopropyl-alcohol solution of chloroplatinic acid (concentration of platinum was 
3.6 wt.%). The components were uniformly mixed, heated to 50^C, and 
additionally combined with 135.5 g (l.OO mole) of hydrogentrichlorosilane 

20 added dropwise. Upon completion of the addition, the mixture was aged for 1 
hour at 120**C and then cooled. The contents in the flask were subjected to a 
gas-chromatography analysis. The weight ratio of the produced 1,6-bis 
(trichlorosilyl) hexane, 1,5-bis (trichlorosilyl) hexane, and 2,5-bis (trichlorosilyl) 
hexane and the reaction efficiency of the hydrogentrichlorosilane are shown in 

25 Table 5. 
[0049] 
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Table 5 





Ether compound 


1,6-bis 

vtriclilorosilvl) 
hexane/l,5-bis 
(trichlorosilyl) 
hexane/2,5-bis 

vtncxiiorosilyv 
nexane 


Hydrogentrichlorosilane 

reaction efficieiicv (%) 


Comp. 
EbcamDle 5 


None 


87.9/7.6/4.5 


88.4 


Pr. Example 12 


Polyethyleneglycol 
#400 


99.7/0.3/0 


>99 


Pr. Example 13 


Tetrahydrofuran 


97.9/1.8/0.3 


>99 


Pr. Example 14 


Diethyleneglycol 
dibutylether 


98.4/1.5/0.1 


>99 


Pr. Example 15 


3" glycidoxypropyl 
trimethoxysHane 


99.5/0.5/0 


>99 



[0050] 

[Practical Example 16] 

A 200 ml four-neck flask filled with gaseous nitrogen and equipped with a 
reflux condenser was loaded with 12.6 g (0.185 mole) of isoprene, 
polyethyleneglycol #400 used in an amount that provided 5.6 mole % of 
etherified oxygen relative to the aforementioned 1,5'hexadiene, and 0.060 g of 
an isopropyl-alcohol solution of chloroplatinic acid (concentration of platinum 
was 3.6 wt.%). The components were uniformly mixed, heated to 30°C, and 
additionally combined with 50.2 g (0.370 mole) of hydrogentrichlorosilane 
added dropwise. Upon completion of the addition, the mixture was aged for 1 



wo 2005/033116 



27 



PCT/JP2004/014908 



hour at 80°C and then cooled. The contents in the flask were subjected to a 
gas-chromatography analysis. The weight ratio of the produced 1,4-bis 
(trichlorosilyl)"2-methylbutane and 1,3-bis (trichlorosilyD-2-methylbutane and 
the reaction efficiency of the hydrogenmethyldichlorosilane are shown in Table 
5 6. 

[0051] 

[Comparative Example 6] 

A 200 ml fotir-neck flask filled with gaseous nitrogen and equipped with a 
reflux condenser was loaded with 12.6 g (0.185 mole) of isoprene and 0.060 g of 

10 an isopropyl-alcohol solution of chloroplatinic acid (concentration of platinum 
was 3.6 wt.%). The components were uniformly mixed, heated to 30**C, and 
additionally combined with 50.2 g (0.370 mole) of hydrogentrichlorosilane 
added drop wise. Upon completion of the addition, the mixture was aged for 1 
hour at 80°C and then cooled. The contents in the flask were subjected to a 

15 gas-chromatography analysis. The weight ratio of the produced 1,4-bis 

(trichlorosilyl)-2-methylbutane and 1,3-bis (trichlorosilyD"3-methylbutane and 
the reaction efficiency of the hydrogentrichlorosilane are shown in Table 6. 



20 



25 
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[0052] 

Table 6 





Ether compoimd 


1,4-bis 

(trichlorosilylj - 2- 
methylbutane/1,3- 
Dis v^tncJiLoro 
silyl)'3-metliyl- 
butane 


Hydrogentrichlorosilane 
reaction efficiency (%) 

« 


Comp. 
Example 6 


None 


99.5/0.5 


43.9 


Pr. Example 
16 


Polyethyleneglycol 
#400 


99.8/0.2 


93.8 



Industrial Applicability 

5 [0053] 

The preparation method of the present invention is useful for industrially 
producing chain hydrocarbons halosilylated at its terminal carbon atom or its 
terminal carbon atoms> i.e., a chain hydrocarbon having a halosilyl group at its 
terminal carbon atom or halosilyl groups at its terminal carbon atoms with 
10 higher yield and speed. 

The method of conducting a hydrosilylation reaction of the present invention is 
useful for industrially producing chain hydrocarbons halosilylated at its terminal 
carbon atom or its terminal carbon atoms. 



